The aim of this study was to evaluate awareness and knowledge about radiation risks and safety principles among medical students at the College of Medicine, University of Hail, Hail, Saudi Arabia, in their clinical years. Materials and Methods: In this cross-sectional study, an anonymous electronic questionnaire was sent to 174 randomly selected students in clinical years 4-6. The questionnaire contained 38 questions. The respondents' answers to these questions were used to classify them according to their demographic characteristics and to evaluate their knowledge about common imaging modalities, radiation risks, and safety measures. The data were analyzed using the Statistical Package for the Social Sciences (SPSS) software, version 22. Results: Seventy-five (51.7%) of 145 respondents were female and 70 (48.3%) were male. Fifty-five respondents (37.9%) were in year 4, 38 (26.2%) were in year 5, and 52 (35.9%) were in year 6. The mean score for knowledge about common imaging modalities was 4.10 ± 2.030 of 10, that for knowledge about the risks of radiation was 3.17 ± 1.954 (range, 0-8) of 13, and that for knowledge about radiation protection measures was low at 0.79 ± 0.922 (range, 0-4) of 8. Overall, there was an improvement in knowledge about the imaging modalities and the risks of radiation as the number of clinical years increased (P = 0.000), but it was still unsatisfactory.
INTRODUCTION
Medical imaging has become an important diagnostic tool in the medical field. However, the radiation dose received from some imaging modalities increases the lifetime risk of cancer. [1] Moreover, as mentioned in the Biological Effects of Ionizing Radiation Report, the exposure to a radiation dose of 100 mSv has an estimated lifetime risk of radiation-induced cancer of one per 100, [2] as well as tissue reactions, including hair loss, skin rashes, and ulceration as a result of accidental exposure to high doses. [3] Furthermore, in utero exposure to radiation can lead to generalized growth retardation, mental disability, and seizures, as well as decreased school performance. [4] Fortunately, these risks can be minimized by a principle called optimization and by understanding and implementing radiation protection principles. [5] Many studies conducted worldwide, but only three in Saudi Arabia, have concluded that medical students and even radiology residents lack adequate knowledge about the principles of radiation protection. [6] [7] [8] [9] [10] [11] However, no studies on this subject have been performed in the Hail region, Saudi Arabia. The aim of this study was to evaluate awareness and knowledge of the radiation risks and safety principles among medical students at the University of Hail in their clinical years.
MATERIALS AND METHODS
This study was performed at the University of Hail in 2018, at which time, 244 medical students in their clinical years of study (years 4-6) were enrolled. Hail is a city in Saudi Arabia that has a population of 699,774. [12] Seventy-nine students (39 female and 40 male) were in year 4, 83 (39 female and 44 male) were in year 5, and 82 (38 female and 44 male) were in year 6. We estimated the study sample size that needed to be enrolled from the total student population of 244 by Raosoft sample size calculator, Raosoft inc, Seattle, USA. It was determined that 150 students would be an appropriate sample size with a confidence interval of 95%. We added 16% (n = 24) to this figure to allow for nonresponders. [13] We used random numbers generated online by a research randomizer website. [14] One hundred and seventy-four students were selected at random and approached to participate in this prospective cross-sectional study, which involved completing a one-time, self-administered anonymous online questionnaire between August 2 and August 5, 2018.
Ethical approval to conduct this study was obtained from the ethics committee at the College of Medicine, University of Hail (approval number EC-00025/CM/UOH.11/18). Agreement to complete the anonymized online questionnaire was accepted as willingness to participate in the study.
Data collection
The questionnaire contained 38 multiple-choice and true or false questions and was divided into four sections. The first section contained items on demographic characteristics (i.e., gender, clinical year, nationality, and marital status) and three questions regarding the respondent's opinion of their knowledge of this topic. The second section contained items that tested the respondent's knowledge about the various imaging modalities and the differences between them, with additional questions regarding effective radiation doses. The third section contained items that tested knowledge about radiation risks and the contraindications of some imaging modalities. The fourth section tested knowledge about radiation safety principles. The validity of the questionnaire was confirmed by a radiologist and a medical physicist [Appendix 1].
We calculated the score for each respondent by awarding one mark for each correctly answered question, for a total possible score of 31. The second section was scored of 10, the third section of 13, and the fourth section of 8.
Statistical analysis
The data were shown as frequency and percentage. The categorical data were compared between subgroups using the chi-square test. The mean scores were compared between the students in the three clinical years using analysis of variance (ANOVA). All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) software, for Windows (version 22; IBM, Armonk, New York). P values <0.05 were considered statistically significant.
RESULTS
One hundred and forty-five students (75 [51.7%] female and 70 [48.3%] male) returned completed questionnaires. One hundred and forty students (96.6%) were single, four (2.8%) were married, one (0.7%) was divorced, and all were Saudi nationals. The sample distribution according to clinical year and gender is shown in Table 1 .
Fifteen respondents (10.3%) had attended a radiation protection course. Two (13.3%) of these 15 students were in year 4, two (13.3%) were in year 5, and 11 (73.3%) were in year 6. A statistically significant difference was observed in the likelihood of attending a radiation protection course as students moved from clinical year 5 to 6 (P = 0.006, chi-square test) but not according to gender (P = 0.337, chi-square test). The students who attended a radiation protection course had significantly higher scores in the radiation safety principles section (P = 0.015, independent samples t test, two-tailed) but not in the other sections [ Table 2 ].
Forty-five respondents (31%) agreed that they had adequate information about the risks of radiation, 18 (12.4%) disagreed, and 82 (56.6%) were unsure. A statistically significant difference was observed in the responses to this question according to the clinical year of study (P = 0.010, chi-square test) but not according to gender (P = 0.396, chi-square test). Students in year 6 were more confident that they had adequate information about radiation risks than those in the earlier clinical years.
Sixteen respondents (11%) agreed that they were adequately informed about radiation protection measures, 71 (49%) disagreed, and 58 (40%) were unsure. Of 75 female students, 6 (8%) agreed that they were adequately informed, 46 (61.3%) disagreed, and 23 (30.7%) were unsure. Of 70 male students, 10 (14.3%) agreed that they were adequately informed, 25 (35.7%) disagreed, and 35 (50%) were unsure. A statistically significant difference was observed in the responses to this question according to gender (P = 0.009, chi-square test) but not according to the clinical year of study (P = 0.309, chi-square test).
A statistically significant difference was observed in the overall scores between students in years 4, 5, and 6 (F 2,142 = 29.170, P = 0.000, ANOVA). Post hoc comparisons using Tukey's honestly significant difference test indicated that the mean score for year 6 was significantly higher than that for years 4 and 5 (P = 0.000). However, no significant difference was observed in the scores between years 4 and 5 (P = 0.629). The scores are shown in Table 3 .
DISCUSSION
This cross-sectional study evaluated the level of awareness and knowledge about common imaging modalities, the risks of radiation, and radiation protection measures among medical students in their clinical years of study. According to its results, only 10.3% of students had attended a radiation protection course. Statistically significant differences were observed in course attendance rates between the three clinical years, with the highest attendance rate of 73.3% reported by students in year 6. The students who attended a radiation protection course had significantly higher scores in the radiation safety principles section (P = 0.015, independent samples t test, two-tailed). This result indicates that attendance at a radiation protection course can significantly improve students' knowledge about radiation safety and is consistent with the finding of a study by Hagi and Khafaji. [15] In general, the level of awareness among these students was poor, with statistically significant differences in mean scores between the clinical years of study. Overall, 31% considered that they had adequate knowledge about the risks of radiation and 11% reported that they had adequate knowledge about radiation protection measures.
We found that awareness of the imaging modalities and the risks of radiation improved as the number of clinical years increased, which is in agreement with a report by O'Sullivan et al., [16] who found that medical students' awareness of radiation exposure improved in their final years of medical school but it was still unsatisfactory. The study by Hagi and Khafaji [15] yielded similar results, and the authors concluded that the subject of radiation safety needed to be addressed at the undergraduate level. In our study, the lowest score was found in the section on knowledge about safety principles in radiology; the mean score of 0.79 ± 0.922 of 8 indicates that the students had a very low level of knowledge regarding how to protect themselves and their patients in the radiology field, which is similar to previous reports, and signals a very serious patient and occupational safety issue. [6] [7] [8] [9] [10] [11] An important limitation of this study was that it targeted knowledge about radiation protection among medical undergraduates in their clinical years of study. Further studies are required to assess the knowledge of interns.
In summary, the findings of this study indicate that medical students at the University of Hail, Hail, Saudi Arabia, have very limited knowledge about radiation risks and safety measures. These results highlight the need for urgent action to improve students' knowledge about these important issues.
APPENDIX 1

Awareness and Knowledge of Clinical Phase Medical Students at Hail University about Common Imaging Modalities, Radiation Risk, and Protection Applied in Radiology
We are medical students in the college of medicine at University of Hail, conducting a research study about the awareness and knowledge of Hail University clinical years' medical students about radiation risks and safety measures. Our objective is evaluation of awareness and knowledge of these students to assess the need for basic radiation safety course.
You have been chosen randomly through research randomizer website although this, your participation in this study, is voluntary. Your participation is very important to us and remember your response will be kept confidential, only the research team involved in this study will read your response. Filling out the questionnaire will take only few minutes.
For any inquiry, please contact us via me.shaal2010@ hotmail.com ▫ I have read the above information and I consent to take part in the study 
